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The purpose of this study was to develop curriculum in Green Chemistry using
analytical techniques suitable for the General Chemistry and Analytical Chemistry
classes. This was done by modifying several techniques that monitored the extent of
degradation of decomposable biopolymers in common plastic products, specifically
products containing polylactic acid (PLA). Several new lab activities were developed
for both the General and Analytical Chemistry classrooms. Gravimetry was successfully
employed in the general chemistry classroom as a way for students to monitor the
temperature dependence on rate. An introduction to acid base titrations was
accomplished while measuring the extent of mineralization of PLA in compost. The
techniques of solid phase extraction and fluorescence spectroscopy were introduced to
Analytical Chemistry students in a third lab, which monitors changes in molecular
weight with degradation of PLA. Finally, upper-division students were able to utilize
the principles of green chemistry in the planning and execution of an analysis of
choice by using the nemi.gov database. With careful curriculum planning, it was found
in this work that it is easy to incorporate green chemistry in to other traditional
chemistry courses. This will help meet the goals of outgoing GCI director Bob Peoples
(and others) that, green chemistry not be considered a niche topic “covered” in only
one class “but that it should pervade the training of all chemist[s] going forward”
because “it is the future”.
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Integration of Green Chemistry into the Analytical and General Chemistry Curriculum
By Sarah Fraser and Jeanne Franz
Winona State University Department of Chemistry, Winona, MN, 55987

Purpose
The purpose of this study was to develop curriculum in Green
Chemistry using analytical techniques suitable for the General
Chemistry and Analytical Chemistry classes.

Introduction

Degradation Measured by Fluorescence Experiment (Analytical
Chemistry)
-

0.03g PLA sample dissolved in 3M NaOH in 50% Ethanol heated for 1 hour
400μL plastic solution combined with 300μL TPP, 300μL DPDS and 1000μL
NBD-PZ react covered with tin foil for 2 hours
Add 2000μL HCOOH in H2O and poured through Empore SDB-RPS Solid
phase extraction disk in syringe
Measure fluorescence intensity

- Students had the option to pick an experiment that reduced the amount of
waste
- Students gather water samples from a natural setting and measure either the
N, P or Fe in it. They must pick the best method for analysis considering,
among other things, the greenness of their analysis method. Use of the
nemi.gov database was stressed.

Picture of Pacific Gyre

-

Mougan et al. were able to monitor changes in molecular weight of
polyethylene glycol by changes in fluorescence and refractive index (R.I.)
PLA does not natively fluoresce however we were able to successfully
derivitize it to fluoresce
Linear response in fluorescence intensity has been achieved using different
masses of PLA
No noticeable changes in R.I. have yet been observed
Fluorescence Intensity of PLA

Weigh 3x 0.03g PLA samples
Expt. 1 Mix plastic sample into compost (Room Temperature)
Expt. 2 Mix plastic sample into compost and place in oven (37°C)
Expt. 3 Mix plastic sample into compost and place in refrigerator (4°C)
Monitor for visible signs of decomposition
Monitor changes in weight

Acid Base CO2 Evolution Experiment (General Chemistry)
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Water in a Natural Setting Experiment:

Results & Discussion
Effects of Temperature on Degradation Rate Experiment:

-

Rotation of the compost is necessary
Keep compost moist with addition of water
Showed expected temperature dependence on rate with qualitative changes
Gravimetric weight losses were too small to be measured

Acid Base CO2 Evolution Experiment
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- Students methods resulted in experiments that reduced amount of waste and
provided an experiment with significant results
- Students learned to access literature for green chemistry consideration
- When asked whether this should continue to be part of the curriculum,
students responded “Yes, it’s definitely important to know” even though “…it
is not talked about in any other course.”

- Improve bioreactor design so it is easier to measure CO2 specifically from
degrading plastic (Acid Base CO2 Evolution Experiment)
- More work on changes in Refractive Index indicative of changes in Molecular
Weight (Fluorescence Experiment)

Changes in Mass

Starting mass
of PLA

Mass of CO2
generated
after 7 weeks

Beginning color
solution

0

Samples react for 7 weeks while trapping evolved CO2
CO2 in trap is measured titrimetrically by these reactions
Na2CO3 + HCl NaHCO3 + NaCl
NaHCO3 + HCl  NaCl + H2O + CO2
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Effect of Temperature on Degradation Rate (General
Chemistry)

-

-

Water in a Natural Setting Experiment (Analytical Chemistry)

Materials & Methods
-

Degradation Measured by Fluorescence Experiment:

Intensity

Degradation of plastics is a topic of popular
interest to scientists and more recently
consumers. By inserting green chemistry
principles into the chemistry curriculum,
students learn the same principles as standard
however they become more engaged because
they are also learning about sustainability and
green chemistry issues, key interest points for
today’s college student. The degradation of
polylactic acid (PLA) is the hook for three of the
four new experiments described here.

Results & Discussion

Materials & Methods

- Clearly much error in CO2 measurement
- Kale et al. did not observe high amount of mass being
generated
- Likely due to off-gassing of CO2 from compost
- Students learned a lot about biodegradable plastics and
green chemistry while conducting acid/base titration
experiment

[1] G. Kale, R. Auras, S.P. Singh, R. Narayan, Biodegradability of polylactide bottles in real and simulated composting conditions, Science Direct,
Polymer Testing 26 (2007) 1049-1061.
[2] Mougan, Manuel A.; Coello, Adela; Jover, Aida; Mejide, Francisco; Vazquez Tato, Jose. “Spectrofluorimeters as Light-Scattering Apparatus:
Application to Polymers Molecular Weight Determination”. J. Chem. Ed. 1995, 72 (3), 284.
[3] Hasegawa, Hisanori; Fukushima, Takeshi; Lee, Jen-Ai; Tsukamoto, Kazuhisa; Moriya, Koji; Ono, Yoshikazu; Imai, Kazuhiro. Determination of
serum d-lactic and l-lactic acids in normal subjects and diabetic patients by column-switching HPLC with pre-column fluorescence derivatization.
Anal. Bioanal Chem (2003) 377: 886-891.
[4] www.nemi.gov
[5] Franz, Jeanne. “Water in a Natural Setting Lab”
[6] Douskey, M. Depolymerization of Poly(lactic acid) Cups to Lactic Acid, College of Chemistry, UC Berkeley, 2012

Acknowledgements
Final color
solution

Minnesota Pollution Control Agency for funding the research, Barbara Keller, Nancy Whaley
and Scott Thorgaard for supporting the research and performing the experiments with
students

